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DEPTH CAMERA ILLUMINATOR WITH 
SUPERLUMINESCENT LIGHT-EMITTING 

DIODE 

BACKGROUND 

Motion capture systems obtain data regarding the location 
and movement of a human body or other subject in a physical 
space, and can use the data as an input to an application in a 

computing system. Many applications are possible, such as 
for military, entertainment, sports and medical purposes. For 
instance, the motion of humans can be mapped to a three 
dimensional (3-D) human skeletal model and used to create 
an animated character or avatar. Motion capture systems can 

include optical systems, including those using visible and 
invisible, e.g., infrared, light, Which use cameras to detect the 
presence of a human in a ?eld of vieW. Typically, the motion 
capture system includes an illuminator Which illuminates the 
?eld of vieW, and an image sensor Which senses light from the 
?eld of vieW to form an image. The illuminator includes a 
light source such as a laser. 

SUMMARY 

A 3-D depth camera system is provided. The 3-D depth 
camera system uses at least one light-emitting diode (LED) as 
a light source in an illuminator instead of a laser. For example, 
a superluminescent LED (SLED) can be used because of its 
high spatial coherence. As a result, safety concerns Which are 
presented by the use of a laser are avoided. Emerging SLED 
technologies are expected to operate at a suf?ciently high 
poWer to be successfully used in a 3-D depth camera system 
Which is able to track humans or other objects in a typically 
siZed room Which is found in a home, for instance, under 
typical lighting conditions. SLEDs can be used to provide a 
poWerful, high quality collimated light source Which main 
tains the safety properties of a conventional LED. A single 
SLED can be used Which is suf?ciently poWerful by itself, or 
groups of SLEDs can be combined. 

In one embodiment, a 3-D depth camera system includes 
an illuminator comprising at least one superluminescent 
light-emitting diode (SLED). The system further includes a 
collimating lens Which captures light from the at least one 
SLED to provide a collimated light source. An diffractive 
optical element (DOE) receives the collimated light source, 
and creates multiple diffracted light beams Which illuminate 
a human target in a ?eld of vieW. The bandWidth of the DOE 
is such that it creates a high contrast diffraction pattern suit 
able for system performance. Further, an image sensor creates 
a depth image of the pattern using light from the ?eld of vieW. 
For example, the DOE can be achromatic. 

The at least one SLED can output light at a near infrared 

Wavelength, for instance, and With a poWer level of at least 75 
milliWatts or 100 milliWatts, and up to 200 milliWatts or more. 

Moreover, multiple SLEDs can be used, Where each SLED 
provides light to a respective micro lens, Which in turn pro 
vides a respective partially collimated beam to the collimat 
ing lens. The collimating lens provides a single fully colli 
mated light source to the achromatic diffractive optical 
element, by combining the respective partially collimated 
beams. 

This summary is provided to introduce a selection of con 
cepts in a simpli?ed form that are further described beloW in 
the description. This summary is not intended to identify key 
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2 
features or essential features of the claimed subject matter, 
nor is it intended to be used to limit the scope of the claimed 
subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings, like-numbered elements correspond to 
one another. 

FIG. 1 depicts an example embodiment of a motion capture 
system. 

FIG. 2 depicts an example block diagram of the motion 
capture system of FIG. 1. 

FIG. 3 depicts an example block diagram of a computing 
environment that may be used in the motion capture system of 
FIG. 1. 

FIG. 4 depicts another example block diagram of a com 
puting environment that may be used in the motion capture 
system of FIG. 1. 

FIG. 5A depicts an example con?guration of the illumina 
tor 24 of the 3-D depth camera 22 of FIG. 2. 

FIG. 5B depicts a top vieW of the SLED 505 of FIG. 5A. 
FIG. 5C depicts details of the achromatic diffractive optical 

element 530 of FIG. 5A, Which has a multi-step diffraction 
pro?le. 

FIG. 5D depicts details of a achromatic diffractive optical 
element Which has a continuous diffraction pro?le, as an 
alternative to the achromatic diffractive optical element 530 
of FIG. 5C. 

FIG. 6 depicts an illuminator Which uses multiple SLEDs, 
as an alternative to the illuminator 24 of FIG. 5A. 

FIG. 7 depicts a method for providing a control input to an 
application in a motion capture system. 

FIG. 8 depicts an example method for tracking a human 
target as set forth in step 700 of FIG. 7. 

FIG. 9 depicts an example model of a human target as set 
forth in step 808 of FIG. 8. 

DETAILED DESCRIPTION 

A depth camera illuminator With a superluminescent light 
emitting diode (SLED) is provided for use in a motion track 
ing system. One or more SLEDs are used Which have a 
suf?cient poWer to illuminate a ?eld of vieW in an area such as 
a room in a home, and to re?ect back from a human target or 
other object in the ?eld of vieW to an image sensor. The one or 
more SLEDs can be provided in place of a laser to avoid 
safety issues and related design complexities and expenses. 
An achromatic diffractive optical element can be used When 
diffracting light from the one or more SLEDs into many 
separate light beams Which extend in the ?eld of vieW. In 
contrast to a binary diffractive optical element (DOE) Which 
may be used With a laser, an achromatic (DOE) corrects for 
chromatic aberration Which Would otherWise result due to the 
Wider range of Wavelengths Which are emitted by an SLED, 
compared to a laser. Note that a binary DOE Which has a 
limited Wavelength can also be used, but at the expense of 
system contrast Which Will degrade system performance but 
might be acceptable in some scenarios. 

Regarding the safety issues Which are present When a laser 
is used, although the concentration of a laser beam is reduced 
before its light is emitted toWard a human target, the use of a 
laser presents the perception of a safety issue. Further, sub 
stantial design efforts are needed to ensure that the emitted 
light is safe, and that an unauthorized user cannot tamper With 
the laser. For example, a class 3 laser, Which can be haZard 
ous, may be used Within a depth camera, along With optics 
Which reduce the output poWer of the light Which leaves the 
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camera to a level Which is comparable to light of a class 1 
laser, Which is safe for all applications. It Would be advanta 
geous to provide an alternative light source Which avoids 
these complexities. 

FIG. 1 depicts an example embodiment of a motion capture 
system 10 in Which a human 8 interacts With an application, 
such as in the home of a user. The motion capture system 10 
includes a display 196, a depth camera system 20, and a 
computing environment or apparatus 12. The depth camera 
system 20 may include an image camera component 22 hav 
ing an illuminator 24, such as an infrared (IR) light emitter, an 
image sensor 26, such as an infrared camera, and a red-green 
blue (RGB) camera 28. A human 8, also referred to as a user, 
person or player, stands in a ?eld of vieW 6 of the depth 
camera. Lines 2 and 4 denote a boundary of the ?eld of vieW 
6. In this example, the depth camera system 20, and comput 
ing environment 12 provide an application in Which an avatar 
197 on the display 196 track the movements of the human 8. 
For example, the avatar may raise an arm When the human 
raises an arm. The avatar 197 is standing on a road 198 in a 
3-D virtual World. A Cartesian World coordinate system may 
be de?ned Which includes a z-axis Which extends along the 
focal length of the depth camera system 20, e.g., horizontally, 
a y-axis Which extends vertically, and an x-axis Which extends 
laterally and horizontally. Note that the perspective of the 
draWing is modi?ed as a simpli?cation, as the display 196 
extends vertically in the y-axis direction and the z-axis 
extends out from the depth camera system, perpendicular to 
the y-axis and the x-axis, and parallel to a ground surface on 
Which the user 8 stands. 

Generally, the motion capture system 10 is used to recog 
nize, analyze, and/ or track one or more human targets. The 
computing environment 12 can include a computer, a gaming 
system or console, or the like, as Well as hardWare compo 
nents and/ or softWare components to execute applications. 

The depth camera system 20 may include a camera Which 
is used to visually monitor one or more people, such as the 
human 8, such that gestures and/ or movements performed by 
the human may be captured, analyzed, and tracked to perform 
one or more controls or actions Within an application, such as 

animating an avatar or on-screen character or selecting a 
menu item in a user interface (UI). 

The motion capture system 10 may be connected to an 
audiovisual device such as the display 196, e.g., a television, 
a monitor, a hi gh-de?nition television (HDTV), or the like, or 
even a projection on a Wall or other surface that provides a 
visual and audio output to the user. An audio output can also 
be provided via a separate device. To drive the display, the 
computing environment 12 may include a video adapter such 
as a graphics card and/or an audio adapter such as a sound 
card that provides audiovisual signals associated With an 
application. The display 196 may be connected to the com 
puting environment 12 via, for example, an S-Video cable, a 
coaxial cable, an HDMI cable, a DVI cable, a VGA cable, or 
the like. 

The human 8 may be tracked using the depth camera sys 
tem 20 such that the gestures and/or movements of the user 
are captured and used to animate an avatar or on-screen char 
acter and/or interpreted as input controls to the application 
being executed by computer environment 12. 
Some movements of the human 8 may be interpreted as 

controls that may correspond to actions other than controlling 
an avatar. For example, in one embodiment, the player may 
use movements to end, pause, or save a game, select a level, 
vieW high scores, communicate With a friend, and so forth. 
The player may use movements to select the game or other 
application from a main user interface, or to otherWise navi 
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4 
gate a menu of options. Thus, a full range of motion of the 
human 8 may be available, used, and analyzed in any suitable 
manner to interact With an application. 
The motion capture system 10 may further be used to 

interpret target movements as operating system and/ or appli 
cation controls that are outside the realm of games and other 
applications Which are meant for entertainment and leisure. 
For example, virtually any controllable aspect of an operating 
system and/ or application may be controlled by movements 
of the human 8. 

FIG. 2 depicts an example block diagram of the motion 
capture system 10 of FIG. 1a. The depth camera system 20 
may be con?gured to capture video With depth information 
including a depth image that may include depth values, via 
any suitable technique including, for example, time-of-?ight, 
structured light, stereo image, or the like. The depth camera 
system 20 may organize the depth information into “Z lay 
ers,” or layers that may be perpendicular to a Z axis extending 
from the depth camera along its line of sight. 
The depth camera system 20 may include an image camera 

component 22 that captures the depth image of a scene in a 
physical space. The depth image may include a tWo-dimen 
sional (2-D) pixel area of the captured scene, Where eachpixel 
in the 2-D pixel area has an associated depth value Which 
represents a linear distance from the image camera compo 
nent 22, thereby providing a 3-D depth image. 
The image camera component 22 may include an illumi 

nator 24, such an infrared (IR) light emitter 24, an image 
sensor 26, such as an infrared camera, and a red-green-blue 
(RGB) camera 28 that may be used to capture the depth image 
of a scene or provide an additional camera for other applica 
tions. A 3-D depth camera is formed by the combination of 
the infrared emitter 24 and the infrared camera 26. For 
example, in a time-of-?ight analysis, the illuminator 24 emits 
infrared light onto the physical space and the image sensor 26 
detects the backscattered light from the surface of one or more 
targets and objects in the physical space. In some embodi 
ments, pulsed infrared light may be used such that the time 
betWeen an outgoing light pulse and a corresponding incom 
ing light pulse is measured and used to determine a physical 
distance from the depth camera system 20 to a particular 
location on the targets or objects in the physical space. The 
phase of the outgoing light Wave may be compared to the 
phase of the incoming light Wave to determine a phase shift. 
The phase shift may then be used to determine a physical 
distance from the depth camera system to a particular location 
on the targets or objects. 
A time-of-?ight analysis may also be used to indirectly 

determine a physical distance from the depth camera system 
20 to a particular location on the targets or objects by analyz 
ing the intensity of the re?ected beam of light over time via 
various techniques including, for example, shuttered light 
pulse imaging. 

In another example embodiment, the depth camera system 
20 may use a structured light to capture depth information. In 
such an analysis, patterned light (i.e., light displayed as a 
knoWn pattern such as grid pattern or a stripe pattern) may be 
projected onto the scene via, for example, the illuminator 24. 
Upon striking the surface of one or more targets or objects in 
the scene, the pattern may become deformed in response. 
Such a deformation of the pattern may be captured by, for 
example, the image sensor 26 and/or the RGB camera 28 and 
may then be analyzed to determine a physical distance from 
the depth camera system to a particular location on the targets 
or objects. 
The depth camera system 20 may further include a micro 

phone 30 Which includes, e.g., a transducer or sensor that 
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receives and converts sound Waves into an electrical signal. 
Additionally, the microphone 3 0 may be used to receive audio 
signals such as sounds that are provided by a person to control 
an application that is run by the computing environment 12. 
The audio signals can include vocal sounds of the person such 
as spoken Words, Whistling, shouts and other utterances as 
Well as non-vocal sounds such as clapping hands or stomping 
feet. 

The depth camera system 20 may include a processor 32 
that is in communication With the 3-D depth camera 22. The 
processor 32 may include a standardiZed processor, a special 
iZed processor, a microprocessor, or the like that may execute 
instructions including, for example, instructions for receiving 
a depth image; generating a grid of voxels based on the depth 
image; removing a background included in the grid of voxels 
to isolate one or more voxels associated With a human target; 
determining a location or position of one or more extremities 
of the isolated human target; adjusting a model based on the 
location or position of the one or more extremities, or any 
other suitable instruction, Which Will be described in more 
detail beloW. 

The depth camera system 20 may further include a memory 
component 34 that may store instructions that are executed by 
the processor 32, as Well as storing images or frames of 
images captured by the 3-D camera or RGB camera, or any 
other suitable information, images, or the like. According to 
an example embodiment, the memory component 34 may 
include random access memory (RAM), read only memory 
(ROM), cache, ?ash memory, a hard disk, or any other suit 
able tangible computer readable storage component. The 
memory component 34 may be a separate component in com 
munication With the image capture component 22 and the 
processor 32 via a bus 21. According to another embodiment, 
the memory component 34 may be integrated into the proces 
sor 32 and/or the image capture component 22. 
The depth camera system 20 may be in communication 

With the computing environment 12 via a communication link 
36. The communication link 36 may be a Wired and/or a 
Wireless connection. According to one embodiment, the com 
puting environment 12 may provide a clock signal to the 
depth camera system 20 via the communication link 36 that 
indicates When to capture image data from the physical space 
Which is in the ?eld of vieW of the depth camera system 20. 

Additionally, the depth camera system 20 may provide the 
depth information and images captured by, for example, the 
image sensor 26 and/or the RGB camera 28, and/ or a skeletal 
model that may be generated by the depth camera system 20 
to the computing environment 12 via the communication link 
36. The computing environment 12 may then use the model, 
depth information, and captured images to control an appli 
cation. For example, as shoWn in FIG. 2, the computing 
environment 12 may include a gestures library 190, such as a 
collection of gesture ?lters, each having information concem 
ing a gesture that may be performed by the skeletal model (as 
the user moves). For example, a gesture ?lter can be provided 
for various hand gestures, such as sWiping or ?inging of the 
hands. By comparing a detected motion to each ?lter, a speci 
?ed gesture or movement Which is performed by a person can 
be identi?ed. An extent to Which the movement is performed 
can also be determined. 

The data captured by the depth camera system 20 in the 
form of the skeletal model and movements associated With it 
may be compared to the gesture ?lters in the gesture library 
190 to identify When a user (as represented by the skeletal 
model) has performed one or more speci?c movements. 
Those movements may be associated With various controls of 
an application. 
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6 
The computing environment may also include a processor 

192 for executing instructions Which are stored in a memory 
194 to provide audio-video output signals to the display 
device 196 and to achieve other functionality as described 
herein. 

FIG. 3 depicts an example block diagram of a computing 
environment that may be used in the motion capture system of 
FIG. 1. The computing environment can be used to interpret 
one or more gestures or other movements and, in response, 
update a visual space on a display. The computing environ 
ment such as the computing environment 12 described above 
may include a multimedia console 100, such as a gaming 
console. The multimedia console 100 has a central processing 
unit (CPU) 101 having a level 1 cache 102, a level 2 cache 
104, and a ?ash ROM (Read Only Memory) 106. The level 1 
cache 102 and a level 2 cache 104 temporarily store data and 
hence reduce the number of memory access cycles, thereby 
improving processing speed and throughput. The CPU 101 
may be provided having more than one core, and thus, addi 
tional level 1 and level 2 caches 102 and 104. The memory 
106 such as ?ash ROM may store executable code that is 
loaded during an initial phase of a boot process When the 
multimedia console 100 is poWered on. 
A graphics processing unit (GPU) 108 and a video 

encoder/video codec (coder/decoder) 114 form a video pro 
cessing pipeline for high speed and high resolution graphics 
processing. Data is carried from the graphics processing unit 
108 to the video encoder/video codec 114 via a bus. The video 
processing pipeline outputs data to anA/V (audio/video) port 
140 for transmission to a television or other display. A 
memory controller 110 is connected to the GPU 108 to facili 
tate processor access to various types of memory 112, such as 
RAM (Random Access Memory). 
The multimedia console 100 includes an I/O controller 

120, a system management controller 122, an audio process 
ing unit 123, a netWork interface 124, a ?rst USB host con 
troller 126, a second USB controller 128 and a front panel l/O 
subassembly 130 that are preferably implemented on a mod 
ule 118. The USB controllers 126 and 128 serve as hosts for 
peripheral controllers 142(1)-142(2), a Wireless adapter 148, 
and an external memory device 146 (e.g., ?ash memory, 
external CD/DVD ROM drive, removable media, etc.). The 
netWork interface (NW IF) 124 and/or Wireless adapter 148 
provide access to a netWork (e.g., the lntemet, home netWork, 
etc.) and may be any of a Wide variety of various Wired or 
Wireless adapter components including an Ethernet card, a 
modem, a Bluetooth module, a cable modem, and the like. 

System memory 143 is provided to store application data 
that is loaded during the boot process. A media drive 144 is 
provided and may comprise a DVD/ CD drive, hard drive, or 
other removable media drive. The media drive 144 may be 
internal or external to the multimedia console 100. Applica 
tion data may be accessed via the media drive 144 for execu 
tion, playback, etc. by the multimedia console 1 00. The media 
drive 144 is connected to the l/ O controller 120 via a bus, such 
as a Serial ATA bus or other high speed connection. 
The system management controller 122 provides a variety 

of service functions related to assuring availability of the 
multimedia console 100. The audio processing unit 123 and 
an audio codec 132 form a corresponding audio processing 
pipeline With high ?delity and stereo processing. Audio data 
is carriedbetWeen the audio processing unit 123 and the audio 
codec 132 via a communication link. The audio processing 
pipeline outputs data to the A/V port 140 for reproduction by 
an external audio player or device having audio capabilities. 
The front panel l/O subassembly 130 supports the func 

tionality of the poWer button 150 and the eject button 152, as 
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Well as any LEDs (light emitting diodes) or other indicators 
exposed on the outer surface of the multimedia console 100. 
A system poWer supply module 136 provides poWer to the 
components of the multimedia console 100. A fan 138 cools 
the circuitry Within the multimedia console 100. 

The CPU 101, GPU 108, memory controller 110, and 
various other components Within the multimedia console 100 
are interconnected via one or more buses, including serial and 

parallel buses, a memory bus, a peripheral bus, and a proces 
sor or local bus using any of a variety of bus architectures. 
When the multimedia console 100 is poWered on, applica 

tion data may be loaded from the system memory 143 into 
memory 112 and/or caches 102, 104 and executed on the CPU 
101. The application may present a graphical user interface 
that provides a consistent user experience When navigating to 
different media types available on the multimedia console 
100. In operation, applications and/or other media contained 
Within the media drive 144 may be launched or played from 
the media drive 144 to provide additional functionalities to 
the multimedia console 100. 

The multimedia console 100 may be operated as a standa 
lone system by simply connecting the system to a television 
or other display. In this standalone mode, the multimedia 
console 100 alloWs one or more users to interact With the 

system, Watch movies, or listen to music. HoWever, With the 
integration of broadband connectivity made available 
through the netWork interface 124 or the Wireless adapter 148, 
the multimedia console 100 may further be operated as a 
participant in a larger netWork community. 
When the multimedia console 100 is poWered on, a speci 

?ed amount of hardware resources are reserved for system 
use by the multimedia console operating system. These 
resources may include a reservation of memory (e. g., 16 MB), 
CPU and GPU cycles (e.g., 5%), networking bandWidth (e. g., 
8 kbs), etc. Because these resources are reserved at system 
boot time, the reserved resources do not exist from the appli 
cation’s vieW. 

In particular, the memory reservation preferably is large 
enough to contain the launch kernel, concurrent system appli 
cations and drivers. The CPU reservation is preferably con 
stant such that if the reserved CPU usage is not used by the 
system applications, an idle thread Will consume any unused 
cycles. 

With regard to the GPU reservation, lightWeight messages 
generated by the system applications (e.g., popups) are dis 
played by using a GPU interrupt to schedule code to render 
popup into an overlay. The amount of memory required for an 
overlay depends on the overlay area siZe and the overlay 
preferably scales With screen resolution. Where a full user 
interface is used by the concurrent system application, it is 
preferable to use a resolution independent of application reso 
lution. A scaler may be used to set this resolution such that the 
need to change frequency and cause a TV resynch is elimi 
nated. 

After the multimedia console 100 boots and system 
resources are reserved, concurrent system applications 
execute to provide system functionalities. The system func 
tionalities are encapsulated in a set of system applications that 
execute Within the reserved system resources described 
above. The operating system kernel identi?es threads that are 
system application threads versus gaming application 
threads. The system applications are preferably scheduled to 
run on the CPU 101 at predetermined times and intervals in 
order to provide a consistent system resource vieW to the 
application. The scheduling is to minimize cache disruption 
for the gaming application running on the console. 
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When a concurrent system application requires audio, 

audio processing is scheduled asynchronously to the gaming 
application due to time sensitivity. A multimedia console 
application manager (described beloW) controls the gaming 
application audio level (e.g., mute, attenuate) When system 
applications are active. 

Input devices (e.g., controllers 142(1) and 142(2)) are 
shared by gaming applications and system applications. The 
input devices are not reserved resources, but are to be 
sWitched betWeen system applications and the gaming appli 
cation such that each Will have a focus of the device. The 
application manager preferably controls the sWitching of 
input stream, Without knoWledge the gaming application’s 
knoWledge and a driver maintains state information regarding 
focus sWitches. The console 100 may receive additional 
inputs from the depth camera system 20 of FIG. 2, including 
the cameras 26 and 28. 

FIG. 4 depicts another example block diagram of a com 
puting environment that may be used in the motion capture 
system of FIG. 1. In a motion capture system, the computing 
environment can be used to interpret one or more gestures or 

other movements and, in response, update a visual space on a 
display. The computing environment 220 comprises a com 
puter 241, Which typically includes a variety of tangible com 
puter readable storage media. This canbe any available media 
that can be accessed by computer 241 and includes both 
volatile and nonvolatile media, removable and non-remov 
able media. The system memory 222 includes computer stor 
age media in the form of volatile and/ or nonvolatile memory 
such as read only memory (ROM) 223 and random access 
memory (RAM) 260. A basic input/output system 224 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 241, such as 
during start-up, is typically stored in ROM 223. RAM 260 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated on 
by processing unit 259. A graphics interface 231 communi 
cates With a GPU 229. By Way of example, and not limitation, 
FIG. 4 depicts operating system 225, application programs 
226, other program modules 227, and program data 228. 
The computer 241 may also include other removable/non 

removable, volatile/nonvolatile computer storage media, e. g., 
a hard disk drive 238 that reads from or Writes to non-remov 
able, nonvolatile magnetic media, a magnetic disk drive 239 
that reads from or Writes to a removable, nonvolatile magnetic 
disk 254, and an optical disk drive 240 that reads from or 
Writes to a removable, nonvolatile optical disk 253 such as a 
CD ROM or other optical media. Other removable/non-re 
movable, volatile/nonvolatile tangible computer readable 
storage media that can be used in the exemplary operating 
environment include, but are not limited to, magnetic tape 
cassettes, ?ash memory cards, digital versatile disks, digital 
video tape, solid state RAM, solid state ROM, and the like. 
The hard disk drive 238 is typically connected to the system 
bus 221 through an non-removable memory interface such as 
interface 234, and magnetic disk drive 239 and optical disk 
drive 240 are typically connected to the system bus 221 by a 
removable memory interface, such as interface 235. 
The drives and their associated computer storage media 

discussed above and depicted in FIG. 4, provide storage of 
computer readable instructions, data structures, program 
modules and other data for the computer 241. For example, 
hard disk drive 238 is depicted as storing operating system 
258, application programs 257, other program modules 256, 
and program data 255. Note that these components can either 
be the same as or different from operating system 225, appli 
cation programs 226, other program modules 227, and pro 
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gram data 228. Operating system 258, application programs 
257, other program modules 256, and program data 255 are 
given different numbers here to depict that, at a minimum, 
they are different copies. A user may enter commands and 
information into the computer 241 through input devices such 
as a keyboard 251 and pointing device 252, commonly 
referred to as a mouse, trackball or touch pad. Other input 
devices (not shoWn) may include a microphone, joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are often connected to the processing unit 259 
through a user input interface 236 that is coupled to the 
system bus, but may be connected by other interface and bus 
structures, such as a parallel port, game port or a universal 
serial bus (USB). The depth camera system 20 of FIG. 2, 
including cameras 26 and 28, may de?ne additional input 
devices for the console 100. A monitor 242 or other type of 
display is also connected to the system bus 221 via an inter 
face, such as a video interface 232. In addition to the monitor, 
computers may also include other peripheral output devices 
such as speakers 244 and printer 243, Which may be con 
nected through a output peripheral interface 233. 

The computer 241 may operate in a netWorked environ 
ment using logical connections to one or more remote com 
puters, such as a remote computer 246. The remote computer 
246 may be a personal computer, a server, a router, a netWork 
PC, a peer device or other common netWork node, and typi 
cally includes many or all of the elements described above 
relative to the computer 241, although only a memory storage 
device 247 has been depicted in FIG. 4. The logical connec 
tions include a local area netWork (LAN) 245 and a Wide area 
netWork (WAN) 249, but may also include other netWorks. 
Such networking environments are commonplace in of?ces, 
enterprise-Wide computer netWorks, intranets and the Inter 
net. 

When used in a LAN netWorking environment, the com 
puter 241 is connected to the LAN 245 through a netWork 
interface or adapter 237. When used in a WAN netWorking 
environment, the computer 241 typically includes a modem 
250 or other means for establishing communications over the 
WAN 249, such as the Internet. The modem 250, Which may 
be internal or external, may be connected to the system bus 
221 via the user input interface 236, or other appropriate 
mechanism. In a netWorked environment, program modules 
depicted relative to the computer 241, or portions thereof, 
may be stored in the remote memory storage device. By Way 
of example, and not limitation, FIG. 4 depicts remote appli 
cation programs 248 as residing on memory device 247. It 
Will be appreciated that the netWork connections shoWn are 
exemplary and other means of establishing a communications 
link betWeen the computers may be used. 

The computing environment can include tangible com 
puter readable storage having computer readable softWare 
embodied thereon for programming at least one processor to 
perform a method for generating proxy training data for 
human body tracking as described herein. The tangible com 
puter readable storage can include, e.g., one or more of com 
ponents 222, 234, 235, 230, 253 and 254. Further, one or more 
processors of the computing environment can provide a pro 
cessor-implemented method for generating proxy training 
data for human body tracking, comprising processor-imple 
mented steps as described herein. A processor can include, 
e.g., one or more of components 229 and 259. 

FIG. 5A depicts an example con?guration of the illumina 
tor 24 of the 3-D depth camera 22 of FIG. 2. As mentioned, a 
depth camera system typically includes an illumination sys 
tem, such as the illuminator 24 of FIGS. 1 and 2, and an 
imaging system such as the image sensor 26 of FIGS. 1 and 2. 
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In some cases, the illuminator is a projector Which illuminates 
a human target or other object in a ?eld of vieW With some 
pattern, in a structured light approach to determining depth, 
or at some modulation phase, in a time-of-?ight approach to 
determining depth. When a laser is used as a light source in 
the illuminator, the light has a narroW Wavelength bandWidth, 
and an imaging system is provided Which includes a narroW 
band pass ?lter matched to the Wavelength of the light. It is 
desirable to move aWay from using a laser as an illumination 

source, and to use an SLED instead. HoWever, the bandWidth 
of the SLED can be too Wide to create a high contrast illumi 
nation pattern With the type of binary DOE Which is used With 
a laser light source. This might be acceptable for some sce 
narios but not for others. HoWever, an SLED With an achro 
matic DOE can be used to replace the laser and binary DOE 
in an illumination system and equivalent performance can be 
achieved. Advantageously, the laser can be eliminated as the 
light source in a depth camera illumination system. 
A superluminescent light-emitting diode (SLED), also 

referred to as a superluminescent diode, is an optoelectronic 
semiconductor device Which emits broadband optical radia 
tion based on super luminescence. It is similar in construction 
to a laser diode, and includes an electrically driven p-n junc 
tion and an optical Waveguide. HoWever, the SLED lacks 
optical feedback, so that no laser action can occur. Optical 
feedback can be suppressed using various approaches such as 
tilting the facets relative to the Waveguide, and/or by use of 
anti-re?ection coatings. An SLED is a semiconductor optical 
ampli?er in Which ampli?ed spontaneous emission occurs. 
An SLED is similar to an LED in that it uses the amplitude 
spontaneous emission from a laser cavity, but the SLED also 
uses the design of a laser cavity to achieve a high degree of 
spatial coherence so the emitting beam can be collimated 
using simple collimation techniques. 
SLED technology is advancing such that suf?ciently high 

output poWers are either currently available or are becoming 
available. In some cases, adjustments can be made to the 
cavity of the SLED to increase the poWer of the output light. 
In other cases, if a single SLED With su?icient output poWer 
is not available, multiple SLEDs can be combined. Generally, 
the output poWer of one SLED Which is suitable for use in a 
depth camera can be at least 75 milliWatts, or at least about 
100 to 200 milliWatts or more. Or, the combined output poWer 
of multiple SLEDs can be at least 75 milliWatts, or at least 
about 100 to 200 milliWatts. If the SLED light output is not 
suf?ciently poWerful, the dynamic range of the depth camera 
is reduced, Which Will impact the maximum distance at Which 
a target can be detected or the level of ambient light the user 
is alloWed. The depth camera Will still function at a reduced 
level in appropriate conditions. For example, the level of the 
ambient lighting in the ?eld of vieW might need to be limited, 
the SLED light might be visible to the human target in the 
?eld of vieW, and the ?eld of vieW over Which the depth 
camera can operate might be limited. 

Examples SLED technologies Which may be suitable for 
use in a depth camera system are discussed beloW. 

For example, Zhang, Z. Y. et al., incorporated herein by 
reference, in “High-Power Quantum-Dot Superluminescent 
LED With Broadband Drive Current Insensitive Emission 
Spectra Using a Tapered Active Region,” IEEE Photonics 
Technology Letters, May 15, 2008, vol. 20, issue 10, pp. 
782-784, state that high-poWer and broadband quantum-dot 
(QD) superluminescent light-emitting diodes are realized by 
using a combination of self-assembled QDs With a high den 
sity, large inhomogeneous broadening, a tapered angled 
pump region, and etched V groove structure. They provide a 
broad-area device Which exhibits greater than 70-nm 3-dB 
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bandwidth and drive current insensitive emission spectra with 
100-mW output power under continuous-wave operation. For 
pulsed operation, greater than 200-mW output power is 
obtained. 

Konoplev, O. A. et al., incorporated herein by reference, in 
“Half-watt high-power single mode superluminescent LED 
at 1335 nm with single-facet electro-optical ef?ciency of 
28%,” SPIE Proceedings, Vol. 5739, Light-Emitting Diodes: 
Research, Manufacturing, and Applications IX, Steve A. 
Stockman; H. Walter Yao; E. Fred Schubert, Editors, pp. 
66-80, Mar. 7, 2005, provide a half-Watt level single spatial 
mode superluminescent laser diode at 1335 nm. Output opti 
cal power in excess of 500 mW from a single facet of angle 
striped waveguide was realiZed at 10° C. of heat sink tem 
perature with peak electro-optical e?iciency of 28%. To their 
knowledge, this is the highest optical power and electro-optic 
conversion ef?ciency in a SLED device reported so far in the 
literature. They report that further optimization could lead to: 
1) the creation of a high power optical device (SLED) with 
electro-optical ef?ciencies approaching and/or exceeding 
that of Fabry-Perot lasers (counting both facet outputs) with 
absolute optical power levels compared to that of Fabry-Perot 
lasers, 2) Electro-optical ef?ciencies approaching internal 
quantum ef?ciencies which could well exceed the 70-80% 
range observed in present commercial semiconductor laser 
and light-emitting structures. 
US. patent application publication 2009/0207873 to Jan 

sen, incorporated herein by reference, discusses an optical 
ampli?er chip which can be operated as superluminescent 
LED. The chip uses a ZigZag optical path which couples two 
or more gain elements. Each individual gain element has a 
circular aperture and includes a gain region and at least one 
distributed Bragg re?ector. The chip can include at least two 
gain elements that are spaced apart and have a ?ll factor no 
greater than 0.5 so that total optical gain is increased. 
US. Pat. No. 7,671,997 to Jayaraman, incorporated herein 

by reference, provides a high power broadband SLED. The 
SLED has a uniform AlGaInAs quantum well on an InP 
substrate, emitting in a range of 1100 to 1800 nm. The favor 
able conduction band-to-valence band offset ratio of this 
material system enables superluminescent diodes which 
simultaneously provide high power and large optical band 
width. Output power exceeding 100 mW and bandwidth 
exceeding 100 nm were demonstrated. In one embodiment, 
multiple uniformAlGalnAs quantum wells with two con?ned 
quantum states and energetic separation in a range of 100-130 
nm are used. In another embodiment, non-uniform wells are 
used, with each well having two con?ned quantum states. 
SLEDs have been used for applications such as medical 

imaging of tissue, such as with optical coherence tomography 
(OCT), for cardiovascular imaging, and for other biomedical 
purposes. Other applications of SLEDs include measuring 
the chromatic dispersion of optical ?bers and other optical 
components, testing of optoelectronic components, use in 
?ber-optic sensors and use in ?ber-optic gyroscopes. How 
ever, SLEDs have not been used for depth cameras, such as in 
a motion tracking system, or in other bandwidth-critical 
applications because too much light is thrown away. The 
system provided herein allows SLEDs to be used effectively 
for depth cameras, without discarding too much light. 

In the simpli?ed example of FIG. 5A, the illuminator 24 
includes an SLED 505, a collimator lens 525 and an achro 
matic DOE 530. The SLED 505 and collimator lens 525 may 
be provided within a camera housing, for instance, while an 
external face of the achromatic DOE 530 is provided at a 
periphery of the housing so that it can illuminate a desired 
?eld of view. The SLED includes an active region 508, also 
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12 
referred to as a quantum well layer or a cavity, and cladding 
layers 506 and 510. The layers are typically semiconductor 
layers on a substrate. With a width w, a length l and a height 
h, the SLED emits light at an end face in a light beam 520 with 
a far ?eld angular divergence of 7t/h radians in a plane which 
is perpendicular to a plane of the active layer, and with a far 
?eld angular divergence of NW radians (FIG. 5B) in a plane 
which is parallel to the plane of the active layer. The angular 
divergence is typically larger than that of a laser, and depends 
on the number of transverse modes. The angular divergence is 
largest when there is only one transverse mode, and smaller 
when there are multiple transverse modes. 

7» represents the nominal wavelength of the light output by 
the SLED. Light refers to electromagnetic radiation, includ 
ing infrared light, e. g., having a wavelength of 700 nm-3,000 
nm, including near-infrared light, having a wavelength of 
0.75 rim-1.4 um, mid-wavelength infrared light having a 
wavelength of 3 rim-8 um, and long-wavelength infrared light 
having a wavelength of 8 um-15 um, which is a thermal 
imaging region which is closest to the infrared radiation emit 
ted by humans. Light can also include visible light at 390 
nm-750 nm and ultraviolet radiation at 10 nm-390 nm. Thus, 
light from an SLED as used herein, and illumination with 
such light, can be visible or not visible to the normal human 
eye. 
The SLED may provide a modulated light output in a 

time-of-?ight depth sensing scheme, or may provide a con 
stant light output in a structured light depth sensing scheme. 
In either case, the SLED can output light at a power level of at 
least about 200 milliwatts, for instance 
A collimating lens 525 receives the light beam from the 

SLED and provides a collimated light beam 527 with a high 
degree of collimation to the achromatic DOE 530. In 
response, the achromatic DOE 530 outputs multiple dif 
fracted light beams 540. The achromatic DOE 530 can be 
formed by combining a lens with a diffractive surface, for 
instance. Generally, a DOE is used to provide multiple 
smaller light beams from a single collimated light beam. The 
smaller light beams de?ne a ?eld of view of a depth camera in 
a desired predetermined pattern. The DOE is a beam replica 
tor, so all the output beams will have the same geometry as the 
input beam. For example, in a motion tracking system, it may 
be desired to illuminate a room in a way which allows track 
ing of a human target who is standing or sitting in the room. 
To track the entire human target, the ?eld of view should 
extend in a suf?ciently wide angle, in height and width, to 
illuminate the entire height and width of the human and an 
area in which the human may move around when interacting 
with an application of a motion tracking system. An appro 
priate ?eld of view can be set based on factors such as the 
expected height and width of the human, including the arm 
span when the arms are raised overhead or out to the sides, the 
siZe of the area over which the human may move when inter 
acting with the application, the expected distance of the 
human from the camera and the focal length of the camera. 

For example, the ?eld of view may be suf?cient to illumi 
nate a human standing 3-15 feet or more from the camera, 
where the human with arm span is seven feet high and six feet 
wide, and the human is expected to move in an area of +/—6 
feet of a central location, e.g., in a ?oor area of 144 square 
feet. In other cases, the ?eld of view can be designed to 
illuminate only the upper body area of a human. A reduced 
?eld of view may be acceptable when it is known that the user 
will likely be sitting down instead of standing up and moving 
around. The ?eld of view can similarly be designed to illu 
minate an object other than a human. The DOE 530 may 
provide many smaller light beams, such as thousands of 



US 8,670,029 B2 
13 

smaller light beams, from a single collimated light beam. 
Each smaller light beam has a small fraction of the power of 
the single collimated light beam. The smaller, diffracted light 
beams may have a nominally equal intensity. 
When the collimated light beam is provided by a laser, the 

light is provided in a relatively small bandWidth. A binary 
DOE may be used to diffract laser light into multiple beams 
since it is effective over a narroW Wavelength region. It does 
not correct for chromatic aberrations. A DOE has a periodic 
structure Which acts as a dispersive element, splitting and 
diffracting light into several beams travelling in different 
directions.A binary DOE typically has a stepped surface With 
periodic, repeating structures Which each have only tWo lev 
els. 

In some cases, the height of the stepped surface is on the 
order of one-half the Wavelength of the light Which is passed. 
For example, With light at 850 nm, the step height can be 
about 425 nm. 

In contrast, an achromatic DOE corrects for chromatic 
aberration Which Would otherWise exists due to the Wider 
range of Wavelengths Which are present in the light emitted by 
an SLED, compared to a laser. An achromatic DOE can have 
a stepped surface With periodic, repeating structures Which 
each have more than tWo levels, e.g., three, four or more 
levels. Since the achromatic DOE uses multiple steps, it 
alloWs for the condition of one-half Wavelength to be met at 
multiple Wavelengths, thus creating a Wider bandWidth. That 
is, the light Which is passed can be roughly tWice the step 
height, or some other speci?ed multiple of the step height, for 
multiple step heights. Alternatively, a DOE can have continu 
ous surfaces. 

The diffractive pattern depicted is a simpli?cation. In prac 
tice, a straightforWard physics analysis can be used to design 
the diffractive pattern. Typically, a general diffractive phase 
pro?le on a given surface is described. The Wavelength and 
location in space of tWo coherent point sources are de?ned 
and the resulting interference pattern describes the diffractive 
phase pro?le. OptimiZation programs treat the curvatures of 
surfaces, the thickness of elements, and the element spacings 
as variables. The optimiZation program can determine the 
optimum coef?cients Which describe the diffractive phase 
pro?le for any particular lens systems. Other design inputs 
can include the bandWidth of the light, the pattern to be 
created, the input poWer level, the diffraction ef?ciency and 
the desired uniformity of each diffracted beam. 

FIG. 5C depicts details of the achromatic DOE 530 of FIG. 
5A, Which has a multi-step diffraction pro?le. The diffraction 
pattern on the surface of the DOE 530 can be unsymmetric 
radially With respect to the optical axis, Which is through the 
center of the DOE 530, in one approach. Here, a central 
diffraction structure 564 is provided at the optical axis (axis 
d), and a number of successive diffraction structures extend 
outWard radially from the optical axis. In the cross-sectional 
vieW of FIG. 5C, multi-level structures 560, 561, 562, 565, 
566, 567 and 568 are depicted. Again, this is a simpli?cation. 
The diffraction pattern can be de?ned relative to a coordinate 
system Which includes the axis d, Which depicts a depth along 
the coincident optical axis, and an axis r Which depicts a radial 
distance from the axis d. The axis d could be coincident With 
the Z-axis in FIG. 1, for instance. For example, the height of 
each level or step of the diffraction pattern can be represented 
by a value along the d axis, and a radial range over Which the 
height is maintained can be represented by a range of values 
of r. A stepped achromatic DOE can be fabricated, e.g., by 
microlithography. 
A bloW up display 569 provides details of the multi-level 

structure 560 and hoW it can be de?ned by d and r dimensions. 
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14 
For example, the multi-level structure 560 could be de?ned 
by a series of successive points Which are connected by 
straight lines, Where the points are in this order and have these 
coordinates: (r1, d4), (r2, d3), (r3, d2), (r4, d1). The other 
multi-level structures could be de?ned similarly. 

In some cases, the height of each stepped surface is some 
fraction (e.g., l/N such as one half, Where N is a real number 
or an integer) of a Wavelength of the light Which is to be 
passed. For example, the step of height d4 may pass light in a 
?rst Wavelength range represented by N times the distance 
d4-d1, Where N>l, the step of height d3 may pass light in a 
second Wavelength range represented by N times the distance 
d3-d1, and the step of height d2 may pass light in a ?rst 
Wavelength range represented by N times the distance d2-d1. 
Additional steps can result in a ?ner granularity in passing 
additional smaller ranges of Wavelengths of light. 
A front vieW of the DOE 530 Would indicate the radial 

unsymmetry of the diffraction pattern about the central opti 
cal axis. Generally, the diffraction pattern can provide a cir 
cular ?eld of vieW, a ?eld of vieW Which is Wider than it is tall, 
or taller than it is Wide, and so forth. Moreover, the diffraction 
pattern can provide a relatively uniform dispersion of light 
beams in the ?eld of vieW, so that the intensity or poWer of the 
light beams is approximately equal. Or, the diffractionpattern 
can provide a non-uniform dispersion of light beams in the 
?eld of vieW. For example, a higher intensity or poWer can be 
provided for the diffracted light beams in the center of the 
?eld of vieW than for the diffracted light beams at the edges of 
the ?eld of vieW. 

FIG. 5D depicts details of an achromatic DOE Which has a 
continuous diffraction pro?le, as an alternative to the achro 
matic DOE 530 of FIG. 5C. The continuous achromatic DOE 
570 has a gradually or continuously varying height in its 
diffraction pattern Which can be represented by a varying 
value of d, and a radial range over Which the height is varied 
can be represented by a range of values of r. In the cross 
sectional vieW of FIG. 5D, continuous structures in the DOE 
include a central diffraction structure 577 Which extends 
about the optical axis, and a number of successive diffraction 
structures Which extend outWard radially, including struc 
tures 573, 574, 575, 576, 578, 579, 580 and 581. Again, this is 
a simpli?cation, as the structures Will typically be radially 
unsymmetric. A continuous achromatic DOE can be fabri 
cated, e. g., using photolithographic techniques and then etch 
ing4either chemical or plasma. 

In a continuous design, a structure can extend about same 
distance along the d and r axes as a corresponding multi-step 
structure, but in a continuous, non-discrete manner. For 
example, the continuous structure 573 can extend a distance 
d4-d1 along the d axis, and a distance r4-r1 along the r axis 
(see FIG. 5C). 

FIG. 6 depicts an illuminator Which uses multiple SLEDs, 
as an alternative to the illuminator 24 of FIG. 5A. As men 
tioned, a suf?cient optical poWer output for a motion tracking 
application can be achieved using one or more SLEDs. When 
multiple SLEDs are combined, a microlens can be integrated 
to partially collimate the output from each SLED, and a 
collimating lens can be used to achieve a higher degree of 
collimation using the output from each microlens. Micro 
lenses are small lenses, generally With diameters less than a 
millimeter. By combining multiple SLEDs, a desired poWer 
level can be achieved. 
The illuminator 600 includes three SLEDs 602, 612 and 

622 as an example. The SLED 602 outputs a light beam 604 
to a microlens 606, Which in turn outputs a partially colli 
mated light beam 608 to a collimating lens 630. Similarly, the 
SLED 612 outputs a light beam 614 to a respective microlens 
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616, Which in turn outputs a partially collimated light beam 
618 to the collimating lens 630. Similarly, the SLED 622 
outputs a light beam 624 to a respective microlens 626, Which 
in turn outputs a partially collimated light beam 628 to the 
collimating lens 630. The collimating lens collimates the 
received light to provide a substantially fully collimated light 
beam 632 to an achromatic DOE 640 Which includes a multi 
step diffractive surface Which outputs multiple diffracted 
light beams 650 in a ?eld of vieW. Collimated light is light 
Whose rays are nearly parallel, and therefore Will spread or 
diverge sloWly as it propagates. 

FIG. 7 depicts a method for providing a control input to an 
application in a motion capture system. Step 700 includes 
tracking a human target or user in a ?eld of vieW of a depth 
camera system. A human target refers to, e.g., one or more 
people in a ?eld of vieW of a depth camera system. For further 
details, see, e. g., FIG. 8. Step 702 includes providing a control 
input to an application based on the tracking For instance, the 
control input Which represents a motion, such as a gesture, or 
a posture of a user. Step 704 includes processing the control 
input at the application. For example, this could include 
updating the position of an avatar on a display, Where the 
avatar represents the user, as depicted in FIG. 1, selecting a 
menu item in a user interface (UI), or many other possible 
actions. 

FIG. 8 depicts an example method for tracking a human 
target as set forth in step 700 of FIG. 7. The example method 
may be implemented using, for example, the depth camera 
system 20 and/or the computing environment 12, 100 or 420 
as discussed in connection With FIGS. 2-4. One or more 
human targets can be scanned to generate a model such as a 

skeletal model, a mesh human model, or any other suitable 
representation of a person. In a skeletal model, each body part 
may be characterized as a mathematical vector de?ning j oints 
and bones of the skeletal model. Body parts can move relative 
to one another at the joints. 

The model may then be used to interact With an application 
that is executed by the computing environment. The scan to 
generate the model can occur When an application is started or 
launched, or at other times as controlled by the application of 
the scanned person. 

The person may be scanned to generate a skeletal model 
that may be tracked such that physical movements or motions 
of the user may act as a real-time user interface that adjusts 
and/or controls parameters of an application. For example, 
the tracked movements of a person may be used to move an 
avatar or other on-screen character in an electronic role-play 
ing game; to control an on-screen vehicle in an electronic 
racing game; to control the building or organization of objects 
in a virtual environment; or to perform any other suitable 
control of an application. 

According to one embodiment, at step 800, depth informa 
tion is received, e.g., from the depth camera system. The 
depth camera system may capture or observe a ?eld of vieW 
that may include one or more targets. In an example embodi 
ment, the depth camera system may obtain depth information 
associated With the one or more targets in the capture area 
using any suitable technique such as time-of-?ight analysis, 
structured light analysis, stereo vision analysis, or the like, as 
discussed. The depth information may include a depth image 
or map having a plurality of observed pixels, Where each 
observed pixel has an observed depth value, as discussed. 

The depth image may be doWnsampled to a loWer process 
ing resolution so that it can be more easily used and processed 
With less computing overhead. Additionally, one or more 
high-variance and/or noisy depth values may be removed 
and/or smoothed from the depth image; portions of missing 
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and/or removed depth information may be ?lled in and/or 
reconstructed; and/or any other suitable processing may be 
performed on the received depth information such that the 
depth information may used to generate a model such as a 
skeletal model (see FIG. 9). 

Step 802 determines Whether the depth image includes a 
human target. This can include ?ood ?lling each target or 
object in the depth image comparing each target or object to 
a pattern to determine Whether the depth image includes a 
human target. For example, various depth values of pixels in 
a selected area or point of the depth image may be compared 
to determine edges that may de?ne targets or objects as 
described above. The likely Z values of the Z layers may be 
?ood ?lled based on the determined edges. For example, the 
pixels associated With the determined edges and the pixels of 
the area Within the edges may be associated With each other to 
de?ne a target or an object in the capture area that may be 
compared With a pattern, Which Will be described in more 
detail beloW. 

If the depth image includes a human target, at decision step 
804, step 806 is performed. If decision step 804 is false, 
additional depth information is received at step 800. 
The pattern to Which each target or object is compared may 

include one or more data structures having a set of variables 
that collectively de?ne a typical body of a human. Informa 
tion associated With the pixels of, for example, a human target 
and a non-human target in the ?eld of vieW, may be compared 
With the variables to identify a human target. In one embodi 
ment, each of the variables in the set may be Weighted based 
on a body part. For example, various body parts such as a head 
and/or shoulders in the pattern may have Weight value asso 
ciated therewith that may be greater than other body parts 
such as a leg. According to one embodiment, the Weight 
values may be used When comparing a target With the vari 
ables to determine Whether and Which of the targets may be 
human. For example, matches betWeen the variables and the 
target that have larger Weight values may yield a greater 
likelihood of the target being human than matches With 
smaller Weight values. 

Step 806 includes scanning the human target for body 
parts. The human target may be scanned to provide measure 
ments such as length, Width, or the like associated With one or 
more body parts of a person to provide an accurate model of 
the person. In an example embodiment, the human target may 
be isolated and a bitmask of the human target may be created 
to scan for one or more body parts. The bitmask may be 
created by, for example, ?ood ?lling the human target such 
that the human target may be separated from other targets or 
objects in the capture area elements. The bitmask may then be 
analyZed for one or more body parts to generate a model such 
as a skeletal model, a mesh human model, or the like of the 
human target. For example, according to one embodiment, 
measurement values determined by the scanned bitmask may 
be used to de?ne one or more joints in a skeletal model. The 
one or more joints may be used to de?ne one or more bones 
that may correspond to a body part of a human. 

For example, the top of the bitmask of the human target 
may be associated With a location of the top of the head. After 
determining the top of the head, the bitmask may be scanned 
doWnWard to then determine a location of a neck, a location of 
the shoulders and so forth. A Width of the bitmask, for 
example, at a position being scanned, may be compared to a 
threshold value of a typical Width associated With, for 
example, a neck, shoulders, or the like. In an alternative 
embodiment, the distance from a previous position scanned 
and associated With a body part in a bitmask may be used to 
determine the location of the neck, shoulders or the like. 






